Dextransucrase and invertase of some strains of Streptococcus mutans were examined by immunodiffusion with antisera against enzymes purified from strain HS-6 (Bratthall's serotype a). Both antisera cross-reacted with crude enzyme preparations from the other serotype a (strains HS-1 and AHT) and d organisms (strains KIR, OMZ176, and OMZ65) but not with those from serotype b (strains FA-1 and BHT) or c organisms (strains GS-5, Ingbritt, and NCTC 10449). Based upon the antiserum used, the orders of antigenic similarity of the cross-reacting enzymes to the HS-6 enzymes were HS-6 > HS-1 > AHT = KIR = OMZ176 = OMZ65 for dextransucrase and HS-6 = HS-1 > AHT = KIR = OMZ176 = OMZ65 for invertase. It was found that the enzymes from serotype a organisms were not always antigenically homogeneous, as seen between strains HS-6, HS-1, or AHT for dextransucrase, and between the HS group and strain AHT for invertase. Antiserum against the HS-6 dextransucrase markedly inhibited the heterologous dextransucrases of serotype a organisms with the exception of strain HS-1 and d organisms, with or without the addition of dextran.
Streptococcus mutans plays an important role in dental plaque formation and also in the development of dental caries in the presence of dietary sucrose (5, 14, 22, 28) . This organism produces glucosyltransferases (8, 17, 19, 23) and invertase (17, 26, 29) . It has been suggested that glucosyltransferases might contribute to the formation of dental plaque (14, 19) , whereas invertase contributes to the fermentation of sucrose to acid products that are responsible for demineralizing the teeth (6, 7, 29) .
S. mutans has been reported to be heterogeneous. Bratthall demonstrated five serological groups (1) . Genetic (9, 10), enzymatic (3), ultrastructural (11) , and cell wall differences (2) among strains seem to support Bratthall's grouping.
In a previous report (17) , we highly purified invertase and one of glucosyltransferases from culture fluids of S. mutans HS-6. Both enzymes were shown to be different as judged from antigenicity and behavior on hydroxylapatite column chromatography. The purified glucosyltransferase was dextransucrase (a-1,6-glucan:Dfructose 2-glucosyltransferase), and antibody against the enzyme specifically inhibited its action (18) .
From the foregoing descriptions, it was of interest to determine (i) whether the antigenic specificity of dextransucrase or invertase among various strains of S. mutans correlated with Bratthall's serological grouping, and (ii) whether specific antibody against dextransucrase from one strain inhibited the enzyme action of other strains. Experiments relevant to these problems are described below.
MATERIALS AND METHODS Bacterial strains and growth conditions. The strains of S. mutans used in this study are listed in Table 1 according to their serotypes as described by Bratthall (1) . Streptococcus sanguis ATCC 10556 and 10557 and Streptococcus mitis ATCC 9811 were used as reference strains. These strains produced dextran from sucrose. The growth conditions were described previously (17) . Preparation of antisera against dextransucrase and invertase and immunodiffusion technique.
Specific antisera to dextransucrase and invertase of S. mutans HS-6 were prepared as described previously (17) .
Immunodiffusion tests were performed in agar as described by Campbell et al. (4) .
Enzyme assay. Two assay methods were used to determine enzyme activity as described previously (17, 18) . One method, which was previously used during the purification of dextransucrase (17) Elution patterns of dextransucrase and invertase of various strains of S. mutans from a column of Sepharose 6B. We previously demonstrated that gel filtration through Sepharose 6B partially separated dextransucrase from the water-insoluble glucan-synthesizing enzyme present in crude enzyme preparations of strain HS-6 (17) . Therefore, to see whether gel filtration patterns of the enzymes relected their behavior in immunodiffusion, we carried out gel filtration of crude enzyme preparations. The activity of enzyme was determined by release of reducing sugars after 60 min of incubation, and polysaccharides synthesized from sucrose in the reaction mixtures were examined as described previously (17) . The elution patterns of crude enzyme preparations of strains HS-1, BHT, Ingbritt, and KIR, selected as representative strains of serotypes a, b, c, and dc, are shown in Fig. 2 . The pattern in strain HS-1 was quite similar to that in strain HS-6 (17). For comparison, we designated the tube numbers 24 to 30, 31 to 40, 41 to 55, and 56 to 70 as fractions I, II, Ill, and IV, respectively. Although enzymes appearing in fractions I and II synthesized insoluble glucan from sucrose, they did not react with antisera against dextransucrase and invertase of strain HS-6. That enzyme activity was marked in strains BHT and Ingbritt. These enzymes are now being purified and characterized. The enzyme activity of fraction III appeared in strains HS-1 and KIR but not in strains BHT and Ingbritt. The enzymes in fraction III were identified as dextransucrase and invertase by immunodiffusion (Fig. 3A) . Enzyme activity of fraction IV appeared in strain KIR. The enzyme of fraction IV was found to release equal quantities as determined by paper chromatography, indi- cating that the enzyme may be invertase. However, this enzyme did not react with the invertase antiserum (Fig. 3B) . The results suggest that the invertase in fraction IV is antigenically different from that in fraction III. Effect of anti-dextransucrase antibody on the dextransucrases of various strains of S. mutans. In a previous report (18), we demonstrated that dextransucrase of strain HS-6 was inhibited by its specific antiserum. Since crude enzyme preparations of strains AHT, HS-1, KIR, OMZ176, and OMZ65 cross-reacted with the antiserum (Fig. 1A) , it was of interest to investigate their activity inhibitions by the antiserum specific to HS-6 dextransucrase.
The enzyme activity in all strains except strain HS-1 was markedly inhibited by the antiserum (66 to 82% inhibition) ( Table 2 ). The inhibition was less in strain HS-1 (44%). The addition of dextran enhanced the enzyme activity of all strains tested ( Table 3) . As demonstrated in Table 4 , the addition of antiserum inhibited considerably the enhanced activity caused by the addition of dextran (Table 3) . DISCUSSION Although S. mutans has been reported to be heterogeneous by serological and genetic analyses (1, 9, 10) , there are few data available comparing the antigenic specificities of dextransucrase and invertase. Antibodies against aEnzyme inhibition was measured as described previously (18) . The activity of partially purified dextransucrase as measured by release of reducing sugar from sucrase was adjusted to that of 1 ;g of purified dextransucrase of strain HS-6. 12.4 ug of antiserum was added to reaction mixture.
" Calculated as 100% activity with no addition of antiserum minus activity with addition of antiserum.
purified dextransucrase and invertase from S. mutans HS-6 have enabled us to make comparative studies of immunological properties of dextransucrase and invertase among various strains of S. mutans.
Both HS-6 antibodies cross-reacted with the crude enzyme preparations from S. mutans HS-1, AHT, KIR, OMZ176, and OMZ65 (Fig.  1) . The antigenic similarity was as follows: a The enzyme assay system was the same as in Table 2 except that 24 Ag of dextran (molecular weight, 200,000) was added to each reaction mixture without the addition of antibody. b Calculated as 100% activity in the absence of the dextran. Bratthall's serological groups (Fig. 1) .
On the other hand, crude enzyme preparations from serotype b (strains BHT and FA-1) and c (strains GS-5, Ingbritt, and NCTC 10449) organisms did not react with the antisera against the HS-6 dextransucrase and invertase. This seems to reflect the gel filtration patterns of crude enzyme preparations of these strains: that is, in serotypes b and c, enzyme activity expected in fraction III was not detected (Fig.  2) . The disintegrated cell suspension of these strains also did not react with the antisera. However, at the present stage of our studies, it is difficult to determine whether these strains really do not produce extracellular dextransucrase and invertase.
The enzyme activity of fraction IV shown in Fig. 2 is due to an invertase. The invertase appeared also in other organisms of serotype d such as strains OMZ176 and OMZ65 (data not shown). The molecular weight of the enzyme was estimated to be about 40,000 by gel filtration. This value seems close to the value (48,000) for the intracellular invertase from S. mutans SL-1 (serotype d) (29) . However, it is not clear whether the invertase found in culture media of serotype d organisms originated from the intracellular invertase.
The enzyme activity in fraction III appeared in strains HS-1 and KIR (Fig. 2) , HS-6 (17), AHT, OMZ176, and OMZ65 (data not shown). The enzymes in fraction III were identified as dextransucrase and invertase (Fig. 3) . These results suggest that the molecular weight of dextransucrase and invertase from organisms of serotypes a and d may be close to the value (170,000 for dextransucrase and 160,000 for invertase) of the enzymes from strain HS-6 (17). The molecular weight of dextransucrase was different from that (94,000) of dextransucrase from S. mutans 6715 (serotype d) reported by Chludzinski et al. (8) . They determined the molecular weight by gel filtration through BioGel P-150. Since dextransucrase in this case was eluted near the void volume of the column, they might have underestimated its molecular weight.
The antigenic similarity between dextransucrases of serotypes a and d led us to test the inhibitory effect of the anti-HS-6 dextransucrase antibody on heterologous dextransucrases. The amounts of enzyme used in the inhibition experiments (Tables 2 and 4) were adjusted to be equivalent in terms of the release of reducing sugar from sucrose. This does not mean that the dextransucrase activities in each enzyme preparation were equivalent, because the preparations also contained invertase activity (Fig. 3) . Furthermore, dextransucrase itself possessed invertase-like activity as already reported (17) . However, since dextransucrase activity was determined by the amount of dextran formed, the assay was specific for dextransucrase. The inhibitory effects of the antibody on the heterologous enzymes were marked with the exception of strain HS-1, and they were similar with or without the addition of dextran (Tables 2 and 4) .
Although the inhibition mechanism of the antibody on dextransucrase is not clear, these results could provide data of possible importance for the prevention of dental plaque formation and subsequent caries initiation by antidextransucrase antibody.
